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Introduction
Carotid intima-media thickness (IMT) is an intermediate phenotype for early atherosclerosis [1] . Because it can be measured relatively simply and noninvasively, it is frequently used in population-based studies. Several longitudinal studies have found a relationship between IMT and future cardiovascular events, particularly cardiac events (myocardial infarction, angina pectoris, coronary intervention) and cerebrovascular events (stroke or transient ischemic attack) [2] .
Sedentary behaviour is one of the major risk factors for cardiovascular disease (CVD) [3] . It is defined as any waking behaviour characterized by an energy expenditure 1.5 metabolic equivalents while in a sitting or reclining posture [4] . Previous studies have shown that the proportion of sedentary time was associated to metabolic risk and it is also considered a major risk factor for clinical atherosclerosis [5] , independent of physical activity [6] . However, evidence to date suggests that interventions aimed to reduce sedentary behaviour are needed to provide a clearer understanding of its impact on health outcomes [7] .
Besides measuring total sedentary time, it is important to examine the way in which it is accumulated, especially considering that technological and social factors promote prolonged sitting during working, domestic, and recreational time [8] . It has been suggested that bouts and breaks of sedentary time, independent of total sedentary time and moderate-vigorous physical activity (MVPA), were not associated with metabolic syndrome and its parameters [9] . In contrast, three cross-sectional studies have shown that adults with a lesser daily number of interruptions in sedentary time (thus, higher length of bouts of sedentary time) have a worse cardiometabolic risk profile, specifically on metabolic syndrome parameters [6, 8] and inflammation [10] . These studies illustrate the potential importance of studying patterns of sedentary periods.
To date, few studies have investigated the independent associations of sedentary behaviour with carotid IMT in adult populations and have not reported conclusive evidence [11, 12] . Thus while one study has reported that the time spent on sedentary activities (watching television) is not associated with the carotid IMT [11] , another study has found a positive relationship between carotid IMT and total sedentary time, independently of age and several atherosclerotic risk factors [12] . A systematic review published by Kadoglou et al. [13] concluded that physical inactivity is associated with an increased IMT, and that it remains questionable whether exercise over the long term is able to slow the development of carotid atherosclerosis. However, it is unclear whether the total sedentary time, the number of bouts of sedentary time or the length of sedentary bouts (e.g. more than 10 min) can exert similar adverse effects on carotid IMT when adjusting for potential confounders.
The objective of our study was to examine the association between the characteristics of sedentary behaviour (number of bouts of sedentary time, mean length of them), as assessed by an accelerometer, and mean carotid IMT.
Methods

Study design
The EVIDENT study is a cross-sectional, multicentre study with participation by six study groups distributed throughout Spain with the purpose of increasing the sample size to increase the external validity of the study (NCTT01083082) [14] . This study aimed to analyze the relationship of physical activity and dietary pattern to the circadian pattern of blood pressure, central and peripheral blood pressure, pulse wave velocity, carotid IMT, and biological markers of endothelial dysfunction in active and sedentary individuals without arteriosclerotic disease.
Study population
Subjects aged 20e80 years were selected through random sampling from the offices of general practitioners in six primary care centers from six different Spanish provinces (response rate ranged from 65% to 85%, depending on each center). The exclusion criteria were: known coronary or cerebrovascular atherosclerotic disease; heart failure; moderate or severe chronic obstructive pulmonary disease; walking-limiting musculoskeletal disease; advanced respiratory, renal, or hepatic disease; severe mental disease; treated oncological disease diagnosed in the past 5 years; status as a terminal patient; and pregnancy. These criteria were confirmed by the general practitioner based on electronic clinical records and information reported by the patients. From the 1553 subjects included in the EVIDENT study, 263 subjects were recruited from Salamanca, the only center where carotid intima media thickness was measured; this subsample was similar in demographics and biological characteristics to the whole sample. The 263 participants with carotid IMT assessment were estimated to be enough to detect a mean difference of 20 min/day in sedentary time between two of the three categories of IMT in a two-sided test, assuming a common standard deviation (SD) of 45 min/day with a significance level of 0.05 and a statistical power of 80%. The study was approved by an independent Ethics Committee of Salamanca University Hospital (Spain), and all participants gave written informed consent according to the general recommendations of the Declaration of Helsinki [15] .
Measurements
A detailed description has been published elsewhere regarding how the clinical data were collected, the anthropometric measurements were made and the analytical parameters were obtained [14] .
Body weight was determined twice using a homologated electronic scale (Seca 770) following calibration (precision ±0.1 kg), with the patient wearing light clothing and no shoes. Height was measured twice with a portable system (Seca 222). The average of the two readings of weight and height was used to calculate body mass index (BMI) as weight (kg) divided by height squared (m 2 ). A BMI !30 kg/m 2 was taken to define obesity. Finally, waist circumference was measured using a flexible graduated measuring tape with the patient in the standing position without clothing. Venous blood sampling was performed between 08:00 and 09:00 h, after the individuals had fasted and abstained from smoking and the consumption of alcohol and caffeinated beverages for the previous 12 h. Blood samples were collected in the respective health centres, and were analyzed at the hospital of the city participating in external quality assurance programmes of the Spanish Society of Clinical Chemistry and Molecular Pathology. Fasting plasma glucose, serum total cholesterol, HDL-cholesterol and triglyceride concentrations were measured using standard enzymatic automated methods. LDL-cholesterol was estimated by the Friedewald equation when the direct parameter was not available. High sensitive C-reactive protein levels and fibrinogen concentrations were determined by immunoturbidimetric assay.
Blood pressure was determined at the clinical setting, with three measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP), taking the average of the last two. This was performed using a validated OMRON model M10-IT sphygmomanometer (Omron Health Care, Kyoto, Japan) and following the recommendations of the European Society of Hypertension [16] . We calculated the mean arterial blood pressure (MAP) as [(2 * DBP) þ SBP]/3.
Carotid ultrasonography to assess carotid IMT was performed by two investigators, blinded to clinical information, trained for this purpose before starting the study. Reliability was evaluated before the study began, using the intraclass correlation coefficient, which showed values of 0.97 (95% CI: 0.94e0.99) for intra-observer agreement on repeated measurements in 20 subjects, and 0.90 (95% CI: 0.74e0.96) for inter-observer agreement. Moreover, in the Bland-Altman analysis, the limit of inter-observer agreement was 0.02 (95% CI: À0.05e0.10) and the limit of intra-observer agreement was 0.01 (95% CI: À0.03e0.06). A Sonosite Micromax ultrasound device paired with a 5e10 MHz multifrequency highresolution linear transducer with Sonocal software was used for performing automatic measurements of carotid IMT; this technology obtained automatically 120 values, 10 measurements in each of the 12 projections, in order to optimize reproducibility. Measurements were made of the common carotid artery after the examination of a longitudinal section of 10 mm at a distance of 1 cm from the bifurcation, performing measurements in the near wall, and in the far wall in the lateral (90 ), anterior (45 ) and posterior (135 ) projections, following an axis perpendicular to the artery to discriminate two lines, one for the intimaeblood interface and the other for the media-adventitia interface, which was synchronized with the R-wave peaks on the ECG to avoid possible errors resulting from variable arterial compliance. A total of six measurements were obtained of the right carotid and another six of the left carotid, using mean average values (mean carotid IMT) and maximum average values (maximum carotid IMT) calculated automatically by the software [17] . The measurements were obtained with the subject lying down, with the head extended and slightly turned opposite to the carotid examined, following the recommendations of the Manheim Carotid Intima-Media Thickness Consensus [18] . The mean carotid IMT was considered abnormal if it measured 0.90 mm, or if there were atherosclerotic plaques with a diameter of 1.5 mm or a focal increase of 0.5 mm or 50% of the adjacent IMT [19] .
Physical activity (PA) and sedentary behaviour were measured by an ActiGraph GT3X accelerometer (ActiGraph, Shalimar, FL, USA) which has been previously validated [20, 21] . ActiGraph is a monitor that uses a piezoelectric acceleration sensor to filter and convert the signals produced from the sensor in samples collected at a preset frequency in hertz. The samples are summed over a userspecified time sampling interval, called an "epoch". Output from the ActiGraph is in the form of activity "counts," where one count is equivalent to 16 milli-g per second, and where g is equal to 9.825 m s
À2
, the acceleration of gravity). Activity "counts" are recorded to the internal memory of accelerometers by converting acceleration units over a given epoch [22] .
Participants wore the accelerometer fastened with an elastic band to the right side of the waist for seven consecutive days with habitual PA, except for bathing and performing activities in the water. All subjects were verbally instructed on how to use the accelerometer. The accelerometer was set to record PA data every minute. The MAHUFFE software (http://www.mrc-epid.cam.ac.uk/ research/resources/materials-transfer-disclaimer/physicalactivity-downloads/) was used to analyze these data. Sequences of 10 or more consecutive zero counts were considered non-wearing time and excluded from the analyses. Inclusion criteria were a minimum of 4 days of recording, including at least 1 weekend day and at least 600 registered min per day. The main outcome variable from the activity monitor was the average intensity of PA (counts min), calculated with equal weighting given to each day (regardless of registered time per day). The intensity of PA was categorized according to the cut-off points proposed by Freedson [23] : sedentary (<100 counts min), light (100e1952 counts min), moderate (1952e5724 counts min), vigorous (>5724 counts min) and very vigorous (>9498 counts min). Moderate-vigorous activity was considered activity accumulated from all bouts lasting for at least 1 min.
Based on the 10 min bout threshold [24] and to identify specific sedentary activity parameters, four variables of interest were included in this study: (i) total duration of sedentary time (sedentary min valid per day); (ii) sedentary time in bouts !10 min (calculated as the sum of all bouts of sedentary time lasting more than 10 or more consecutive min per day); (iii) number of sedentary behaviour bouts (calculated as the sum of all bouts of sedentary behaviour that were performed in 10 or more consecutive min per day).
Smoking history was assessed through questions on smoking status (current smokers or non-smokers) and alcohol consumption in the last week (g per week).
Statistical analysis
All statistical analyses were performed using IBM SPSS statistical software (Software, v.22.0 SPSS Inc., Chicago, IL, USA), and the level of significance was set at a < 0.05. Descriptive characteristics are shown as mean ± standard deviation, and frequency distribution for categorical data. Variables were checked for normality of distribution using both graphical (normal probability plots) and statistical (KolmogoroveSmirnov test) procedures. Due to their skewed distribution, BMI, high-density lipoprotein cholesterol, triglycerides, and fasting plasma glucose were log-transformed before to be included in the models as covariates. No missing data were found.
ANCOVA models were estimated to test differences in the mean of
; also including smoking habit, drinking habit, MAP, heart rate, BMI, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and baseline blood glucose in a second step (model 2); and finally adding C-reactive protein, and plasma fibrinogen in model 3. Pairwise post-hoc comparisons were examined using the Bonferroni test. Effect sizes (ES) were calculated and interpreted using Cohen's categories as follows: small ¼ 0 jdj 0.5; medium ¼ 0.5 < jdj 0.8; and large ¼ jdj > 0.8 [25] .
Finally, logistic regression models were estimated using a carotid IMT injury (no ¼ 0; yes ¼ 1) as the dependent variable, sedentary behaviour variables as independent variables in a similar way to that shown in the above four models. The data are presented as odds ratio (OR) with 95% confidence intervals (CI). The HosmereLemeshow goodness-of-fit test was used to evaluate how well the observed event rates match expected event rates in subgroups of the model population.
Results
We studied 263 subjects with a mean age of 55.8 ± 12.2 years, of whom 59.3% were female. Table 1 shows the demographic and clinical characteristics of the study participants. Both mean carotid IMT and mean sedentary time were significantly higher in men than in women.
Mean differences in sedentary time variables according to carotid IMT categories are shown in Table 2 . Participants in the first carotid IMT category accumulated less total sedentary time (ES ¼ À0.26 to À0.87) and sedentary time in bouts !10 min (minute/day) than participants in the high category (ES ¼ À0.36 to À0.60), and statistical significance remained in all models.
Logistic regression models were tested adjusting for age, sex, MVPA, and time accelerometer worn, in a first step (model 1); also including smoking habit, drinking habit, MAP, heart rate, BMI, lowdensity lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and baseline blood glucose in a second step (model 2); and finally adding C-reactive protein, and plasma fibrinogen in model 3. These are shown in Table 3 . Only sedentary time in bouts !10 min was associated with presence of augmented carotid IMT injury in the first model (OR ¼ 1.010, p ¼ 0.010), but the statistical significance disappeared when additional covariates were added in the subsequent models. The HosmereLemeshow test provides a p-value of 0.928 (c 2 ¼ 3.169), showing no evidence of lack of fit.
Discussion
There is convincing evidence about an inverse relationship between time spent performing PA and carotid IMT [26e28], but evidence about the association between sedentary behaviour and this early marker of atherosclerotic disease is scarce. In this crosssectional study, accumulated daily total sedentary time and sedentary time in bouts !10 min were positively and weakly associated with carotid IMT. However, when controlling for potential confounders like MVPA and inflammatory markers, sedentary time in bouts !10 min was no longer associated with the presence of carotid injury. Our results are in line with other studies suggesting that not only is the amount of total sedentary time associated to carotid IMT, but also the manner in which it is accumulated [6, 8] .
The evidence for an independent effect of sedentary behaviour Values are means (SD) except when indicated. BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IMT, intimamedia thickness; LDL-C, low-density lipoprotein cholesterol; MVPA, moderatevigorous physical activity; VPA, vigorous physical activity; SD, standard deviation. a Carotid injury: if the mean carotid IMT was >0.9 mm and/or there were arteriosclerotic plaques (carotid IMT !1.5 mm). Values are means (SD). *p < 0.05; **p < 0.01. Model 1: adjusted for age, sex, moderate-vigorous physical activity, and time accelerometer worn, and # total sedentary time when number of bouts in sedentary time was the dependent variable. Model 2: adjusted for the same covariates as Model 1 and smoking habit, drinking habit, mean arterial pressure, heart rate, body mass index, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and baseline blood glucose. Model 3: adjusted for the same covariates as Model 1 and 2, C-reactive protein and plasma fibrinogen. a Pairwise comparisons by using Bonferroni's post hoc hypothesis tests for multiple comparisons. is not fully convincing [7] , so intrinsic mechanisms linking the absence of body movement with chronic disease risk factors is far from being elucidated [29] . In the same way, the relationship between sedentary time and carotid IMT is a controversial issue, since while one study reported a positive association, independent of age [12] , another found no association [11] . Overall, our data show that total sedentary time is weakly associated with carotid IMT, supporting the findings of RISC study [12] . Indeed, other sedentary time related variables such as accumulated sedentary time in bouts !10 min are associated with this early marker of atherosclerosis. Even though the effect size of the differences among categories of IMT decreased, the associations after adjustment for several potential confounders including traditional cardiovascular risk factors and MVPA remained significant, but attenuated.
Little is known about how sedentary behaviour impacts on deterioration in the carotid IMT and the metabolic risk associated. Thus, some studies have reported that breaks in sedentary time were associated with some components of metabolic syndrome (i.e. waist circumference or triglycerides levels) [6, 8] , and inflammatory markers [30] , after adjusting for total sedentary time and/or PA. In contrast, other studies did not find any association between sedentary behaviour (total sedentary time, bouts and breaks) and metabolic syndrome and its factors after adjusting for time spent in MVPA [9] . Another prospective study has reported that time spent at MVPA is associated with indicators of insulin resistance independent of time spent sedentary [31] . Our data show that sedentary time in bouts !10 min is faintly associated with carotid IMT injury (if the mean carotid IMT was >0.9 mm and there were atherosclerotic plaques [carotid IMT ! 1.5 mm]). The importance of this analysis is due to several reports have documented an association between carotid IMT and/or plaque with stroke, transient ischemic attacks, and other clinical manifestations of CVD [1, 32] . Therefore, our study examines if the manner in which sedentary time is accumulated is relevant when analyzing the association between sedentariness and atherosclerotic process. However, this association disappears after adjusting for sociodemographic, lifestyle and other potential confounders. This could be due to the high correlation between inflammation markers and the presence of carotid injury [33] . Therefore, these inflammatory markers could be an intermediate variable between sedentary variables and carotid injury. These findings, along with those of other studies, suggest the importance of avoiding prolonged uninterrupted periods of sedentary time to prevent atherosclerotic progression, not forgetting the MVPA.
In conclusion, this study, in a small-sized population-based sample, provides preliminary evidence that total sedentary time and sedentary time in bouts !10 min, as assessed by accelerometer, was positively but weakly associated with carotid IMT. Equally, this sedentary time in bouts !10 min was associated with carotid injury, but disappears after adjusting for MVPA and other potential confounders. Our findings have methodological importance, in providing a better understanding of the components of sedentary behaviour that are associated with atherosclerotic progression. Likewise, these results suggest the importance of avoiding prolonged uninterrupted periods of sedentary time, and highlight the need for new public health recommendations regarding breaking up sedentary time that should be complementary to those for PA.
Limitations
This study has several limitations. First, the cross-sectional design prevents us from establishing a causal relationship between sedentary behaviour and carotid IMT. Further, the sample size was too small to control for the large number of potential confounders measured in the whole EVIDENT sample. Second, the carotid IMT and the presence of plaques were evaluated by carotid ultrasonography; however three-dimensional ultrasound use may provide more accurate measurements of both area and volume of the plaque [34, 35] . Third, because of the limited sample size, other behavioural variables such as diet have not been considered for this cross-sectional analysis. However, as far as we know, this is the first study to relate several objectively measured sedentary associated variables and carotid IMT, controlling for classical and emergent atherosclerotic risk factors; moreover, in the logistic regression models this weakness is much more evident, since although the sample size was also 263 participants, only 22 of them showed carotid IMT injury. Fourth, the short interruption period due to non-wear time (i.e. 10 min) was likely to underestimate sedentary time [36] . Usually, most Spanish people are used to napping for 20e40 min, and therefore this sedentary time could be not considered when a greater non wear-time (e.g. 60 min) was set-up during data reduction. Finally, despite the lack of consensus on the required amount of sedentary time needed to negatively influence the health of adults, we decided to take into account only sedentary bouts of at least 10 min, in a similar way to recommendations about physical activity. 
